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ABSTRACT 

The  air-to-ground,  rocket  propelled,  optically  guided 
missile  Bullpup  is  now  under  development  by  the  Glenn  L, 
Martin  Company  for  the  Bureau  of  Aeronautics.  The  existing 
250  lb.  G.  P.  bombs  Mk  81  and  AN-M-57A1,  as  well  as  the 
220  lb.  M81  fragmentation  bomb,  are  all  being  considered  as 
possible  warheads  for  this  missile.  Inasmuch  as  ita  impact 
velocity  is  expected  to  fall  in  the  range  of  1100  to 
1900  ft. /30c.  ths  question  has  arisen  as  to  whether  the 
bomb’s  ability  to  penetrate  targets  in  effective  bursting 
conditions  will  be  seriously  impaired  by  the  high  striking 
velocities.  This  information  is  of  particular  importance 
since  a  fuze  delay  would  be  tactically  desirable,  and  a 
delay  fuze  is  useless  if  the  bomb  does  not  remain  intact 
after  penetrating  its  target.  Normally  these  bombs  are  not 
tested  at  impact  velocities  greater  than  1000  ft, /sec., 
since  this  is  the  maximum  velocity  that  would  be  expected 
from  a  free  fall.  Therefore,  a  limited  program  has  been 
conducted  on  the  250  lb.  G.  P.  Mk  81  bomb  to  find  the  effect 
of  higher  striking  velocities  on  bomb  break-up. 

The  results  indicate  that  the  inert  loaded  250  lb. 

Go  P,  bomb  Mk  81; 

a.  Will  penetrate  7/8”  STS  armor  plate  at  20»  obli¬ 
quity  at  1470  ft. /sec,  but  will  break  up  in  penetrating 
this  target  at  1735  ft. /sec,  or  higher  velocities. 

b.  Will  penetrate  sand  or  normal  earth  (free  of 
rocks,  stones,  etc.)  and  remain  in  effective  condition  at 
1700  ft. /‘sec.  and  20»  obliquity  but  will  break  up  at 
1900  ft./sec. 
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FOREWORD 

This  is  the  final  report  on  high  velocity  impact  tests 
of  the  250  lb.  G.  P.  Mk  81  Low  Drag  Bomb,  which  is  being 
considered  for  use  as  a  warhead  for  the  Bullpup  missile. 

The  program  was  conducted  under  Task  Assignment  NPO-S3-3d- 
442-1-56  as  authorized  by  reference  (a).  The  bombs  were 
received  under  reference  (b),  tested  during  the  period 
14  December  1955  to  3  January  1956,  and  a  preliminary  report 
submitted  as  reference  (0). 

Lieutenant  (jg)  G.  J.  Hiskho  of  the  Terminal  Ballistics 
Department  conducted  the  firings. 

This  report  was  reviewed  bys 

C.  B.  GREEN,  Director  of  Terminal  Ballistics  Researoh 

J.  R.  WELSH,  Commander,  USN 

Terminal  Ballistics  Officer 

R.  H.  LTDDANE,  Director  of  Research 
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INTRODUCTION 

The  air-to-ground,  rocket  propelled,  optically  guided 
missile  Bullpup  is  now  under  development  by  the  Glenn  L. 
Martin  Company  for  the  Bureau  of  Aeronautics.  The  existing 
250  lb.  Go  P,  bombs  Mk  81  and  AN-M57A1,  as  well  as  the 
220  lb.  M81  fragmentation  bomb,  are  all  being  considered  as 
possible  warheads  for  this  missile.  Inasmuch  as  its  impact 
velocity  is  expected  to  fall  in  the  range  of  1100  to 
1900  ft. /sec.  the  question  has  arisen  as  to  whether  the 
bombas  ability  to  penetrate  targets  in  effective  bursting 
condition  will  be  seriously  impaired  by  the  high  striking  • 
velocities.  This  information  is  of  particular  Importance 
since  it  would  be  desirable  to  use  a  delay  fuze  with  the 
G.  P„  bombs.  Such  a  fuze  is  uaeless  if  the  bomb  does  not 
remain  intact  after  penetrating  its  target.  Normally  these 
bombs  are  not  tested  at  impact  velocities  greater  than 
1000  ft./eeot  since  this  is  the  maximum  velocity  that 
would  be  expected  from  a  free  fall.  Therefore,  a  limited 
program  has  been  conducted  on  the  250  lb.  G.  F.  Mk  81  bomb 
to  obtain  preliminary  data  on  the  effect  of  higher  striking 
velocities  on  bomb  break-up. 


DESCRIPTION  OF  MATERIAL 

Five  250  lbu  G.  P.  Mk  81  bombs  were  inert  loaded  with 
a  perlite-oement~water  mixture  to  a  weight  of  250*5o  lhs. 
The  flat-faced  nose  fuze  being  developed  by  the  "iilgin 
National  Watch  Company  for  use  in  the  missile  warhead,  wa,1 
simulated  by  4"  diameter  flat  base  plugs,  removed  from  • 
other  250  lb.  bombs,  inserted  in  the  nose  of  these  bombs. 
The  fuze  wells  were  left  empty. 

•  ,  ?  ’ 

DESCRIPTION  OF  TEST  EQUIPMENT  .  .. 

The  following  equipment  and  materials  were  used  in 
conducting  this  program; 

a.  Gun;  9712/31.5  Smoothbore  Gun  No.  1 
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b.  Propoll  ant,-  NP PR-24 1( 6"/47 )  Powder 

56.0#  for  1470  't./sec. 

67.0#  for  1710  ft. /sec. 

78.0#  for  1920  ft. /sec. 

with  bomb  ram  aed  7415  from  breech 

end 

Co  Targets s  Sand  and  7/8”  STS  armor  plate 

do  Velocity 

Measurements?  Solenoid  coils  and  oscilloscope 
e„  Cameras;  35mm  Fastax,  Speed  Graphic 


PROCEDURE 


Since  the  major  diameter  of  the  Mk  81  bomb  is  910  and 
the  gun  employed  was  a  911  diameter  smoothbore,  it  was 
unnecessary  to  provide  any  forward  bourrelet  on  the  bomb. 

A  1-5/8"  thick  x  91097  diameter  steel  base  plate  was 
attached  to  the  base  of  the  bomb  by  means  of  four  set  scrov/s 
which  engaged  in  the  V-nocch  at  the  base  of  the  bomb.  Th?.?< 
design  permitted  the  base  plate  to  tear  loose  from  the  bov.b 
upon  plate  impact  without  damaging  the  base  of  the  bomb. 

Only  one  inert  Bullpup  fuze  was  available.  Figure  (2),  'o 
bomb  base  plugs  (the  r.ost  readily  available  item  with  » ’i e 
proper  thread)  were  used  to  simulate  the  fuzes.  The  :  t  8 
bomb  had  consistently  penetrated  7/8n  STS  plate  and  V4  h 
plate  a  large  percentage  of  the  time  at  1000  ft  ./so*:,  i? 
effective  condition.  Therefore,  7/8"  STS  at  20*  obtiqv 
was  chosen  as  the  initial  high  velocity  (1900  ft./inc.  * 
target.  Earth  or  sand  are  also  conceived  of  as 
sible  impact  materials  for  this  missile  so  the  i-naV 
velocity  was  determined  for  sand.  A  3/4”  tin  denes' 


plywood  faced  the  front  of  the  sand  pile  wit- a  thr- 
up  in  contact  with  the  wood. 


piled 


A  16mm  Fastax  camera,  operated  at.  .’.500  . 

used  on  round  2  to  photograph  the  bomb  bet'  J®3'  sec.,  was 
muzzle  and  target  and  prq.vide  infor-?**tio’-  Su” 

stability.  A  Ballistic  Synchro  can  -  ra  v-  ^  f  ■‘t®  1  . 

round  3  to  obtain  more  detailed  i nfor:  ded  photograph 

plate,  simulated  nose  fuze  and  ait^:  u  fSe  jj 

of  the  bomb  immedi¬ 
ately  before  impact. 
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Velocities  were  measured  in  the  conventional  manner  by 
soT^noids  and  oscilloscopes. 


RESULTS  AND  DISCUSSION 

Table  1,  Appendix  (A),  gives  the  test  conditions  and 
results  for  the  five  bombs  fired  in  this  program.  These 
data  are  supplemented  by  butt  impact  records  of  each  round 
(Appendix  (B))  and  photographs  of  .he  recovered  bombs 
(Appendix  (C)). 

The  results  are  summarized  as  follows* 


Velocity 
Target*  ft ./sec . 

7/8”  STS  1919 

1735 

1470 

Sand  1933 

1704 


*0ne  impact  at  each  condition. 


Condition  of  Recovered  Bomb 

Broken  up 
Broken  up 

Effective-intact,  deformed 
Broken  up 

Effective-intact,  good 
condition 

All  impacts  at  20*  obliquity. 


Round  1 


The  first  round  was  fired  at  the  highest  impact  veloc¬ 
ity  this  missile  is  expected  to  attain,  1919  ft. /sec.  The 
velocity  of  the  launching  aircraft  would  be  at  least 
500  knots,  it  would  have  a  steep  dive  angle  and  release  the 
missile  somewhere  below  15,000  ft.,  reference  (d),  to 
enable  the  missile  to  reach  such  a  striking  velocity.  The 
7/8”  STS  target,  which  might  represent  some  armored  type  of 
vessel,  was  perforated  by  the  bomb  but  served  to  break  it 
up  into  numerous  pieces,  thus  preventing  the  operation  of 
any  delay  fuze  and  destroying  the  effectiveness  of  the 
missile,  Figure  (.3)° 


Round  2 


The  least  severe  target  material  available,  sand,  was 
utilized  for  the  next  round  in  order  to  determine  whether 
the  bomb  could  withstand  any  type  or  impact  at  this  high  a 
velocity.  The  forward  section  of  the  bomb  had  broken  into 
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numerous  pieces  but,  the  base  section  had  held  together, 
Figure  (4)j  This  indicated  that  at  some  slightly  lower 
velocity  the  bomb  might  hold  together  in  penetrating  sand 
or  earths  High  speed  photography  of  the  round  from  the  gun 
muzzle  to  the  target  indicated  that  the  bomb  was  flighting 
well  and  was  intact  upon  impacting  the  target,  Figure  (5). 

Round  3 

Inasmuch  as  this  missile  might  be  fired  into  earth  or 
sand  at  such  an  angle  that  it  would  detonate  below  a 
surface  structure,  it  was  deemod  advisable  to  continue  with 
the  investigation  of  sand  targets  at  a  lower  impact  velocity. 
At  a  500  knot  launching  speed  and  10°  dive  angle,  the 
missile  would  have  an  impact  velocity-  of  1700  ft. /sec.  when 
released  between  15,000  and  20,000  ft.  altitude.  Therefore 
round  3  was  impacted  against  sand  at  1700  ft. /sec.  and 
20*  obliquity  to  simulate  these  conditions.  Under  these 
conditions  the  bomb  remained  in  good  condition  after  pene¬ 
trating  a  sand  target  fronted  by  3/ 4"  plywood,  Figure  (6). 
The  nose  plug  was  pushed  in  as  a  result  of  the  impact.  A 
ballistic  synshrocamera  picture  of  the  round  Just  before 
target  impact  indicated  that  the  round  was  intact  and  in 
stable  flight  condition,  Figure  (7)  (the  bomb  is  shortened 
in  this  picture  because  the  film  speed  was  too  high). 

Round  4 

Si.iee  1700  ft./sec.  is  an  impact  velocity  that  might 
be  anticipated  under  numerous  high  speed  launching  condi¬ 
tions,  It  wae  used  against  another  7/8"  STS  target.  The 
bomb  was  again  found  to  be  broken  up  after  penetrating  the 
armor  plate  target  at  20*  obliquity  but  not  as  badly  as  it 
had  been  at  the  1919  ft./sec.  striking  velocity.  The 
forward  part  of  the  bomb  was  split  open  but  the  ba3e  had 
held  together,  Figure  (8). 

Round  5 

This  round  was  fired  to  obtain  a  penetration  velocity 
limit  on  the  7/8"  STS  target  at  20  obliquity.  The  condi¬ 
tion  of  the  previous  round  had  indicated  that  this  limit 
might  be  in  the  neighborhood  of  1500  ft./sec.  At  an 
actual  impact  velocity  of  3470  ft., /sec  the  bomb  penetrated 
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the  target  and  remained  intact,  although  deformed  in  the 
nose  section*  It  is  conceivable  that  the  deformation  would 
have  been  sufficient  to  prevent  a  nose  fuze  from  functioning 
or  cause  a  nose  booster  charge  to  deflagrate,  Figure  (9)« 
This  is  an  impact  velocity  that  in  all  probability  would  be 
obtained  with  a  launching  speed  lower  than  500  knots;  more 
likely  at  250  knots* 


CONCLUSIONS 


It  is  concluded  that  the  inert  loaded  250  lb.  G.  P„ 

Bomb  Mk  81: 

a*  Will  penetrate  7/8M  STS  armor  plate  at  20»  obli¬ 
quity  at  1470  ft. /sec.  but  will  break  up  in  penetrating 
this  target  at  1735  ft. /sec.  or  higher  velocities. 

b.  Will  penetrate  sand  or  normal  earth  (free  of  rocks, 
stones,  etc.)  and  remain  in  effective  condition  at 
1700  ft. /sec.  and  20*  obliquity  but  will  break  up  at 
1900  ft./sec. 
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APPENDIX  B 


I1.  S.  NAVAI  PROVING  GROUND 
OAKLGKEN.  VA. 


PHI T  IMPACT  record 

,.  *  )  4 


iti: I  ( u  i 


IMPACT  NUMBER 

43470 

TT'-T  *1  V.  F 

LA  Ik  Q»  IMPACT 

12-14-55 

BUTT  NO 

P 

PLATE 

pfc*fcXXdfcX 

GAUGE 

■i!V 

«  V*  « 

CLASS 

•iiN  « 

A  - 

CALIBER 

VjC  ji»-  -i.  ?. 

TYPE 

Low  Drag 

VANUf  ACTURC  ** 

Lis  Ire  as 

CON  TRACT 

:i600-l3  9S-3«>292 

MANuFACtUKLR 

A.  j  <  .»>alth 

LOT  ^ 

2 

GROUP 

NO 

4  5 

MARK 

81 

MOO 

1 

Dimensions 

9'g*  >:  300" 

PROJECTILE  NO 

\ 

YEAR  Of  SPECIFICATION 

IMPACT  DATA 

CAPPEO 

□  □  NO 

LENGTH  (U*capptd) 

0BL13UITY 

20- 

PENETRATION 

Costs?. 

WEIGHT  fCapprrfJ 

«•«« 

WEIGHT  (L'ncapptd) 

243. oc 

TMICXNESS  AT  IfcTACT 

.8?” 

NO  OF  l*»ACT  ON  PLATE 

1 

X 

FILLER 

Perlite-Cement-Water 

U| STANCE  FROM  NEAREST  I*** ACT 

55° 

THROUO*  OPENING 

9-1/2’*  ?.  iO~l/2w 

CONDITION  AFTER  FIRING 

□  tFCtCTIVt 

1  1  incffective 

Dl STANCE  FROM 

r  n  54" 

DI5TANCE  FRCM 

n  n  iL9’‘‘ 

1  J  RIGHT  1  1  LEFT 

)  br,'';p  i-.j.j  completely  shattered 

FLAKING  FRONT 

Ot; 

FLAKING  BACK 

0-‘ 

SPUR 

8r< 

DISH 

** 

CRACKS 

0" 

BULGE 

(‘  * 

BUTTON 

□  Th«0«*  1_ 1  »TA.»rn 

VELOCITY  (F.S. ) 


□. 


□ 


0 


1919 


fJUHs  9  v-.v 

* .  'i 

#/rf 

_ 

'•■A1  •  * 

□  . 

SIGNATTiRf 

t  *  T  -  ,v  -V 

.  ..  ‘  i  .  i  .  ,  *  V- 

*  1  1 

»  j»  -  *  *  ‘V  ‘ 

V.?  >r  )  “PICER 

I!.  S.  NAVAL  PKCVING  CPOUND 
DAHLGRtK,  VA. 


nun  i m;  pci  hecoru 

in. i-  i i 


ISfACT  NUMBER 

li  On  jig! 

DATt  OF  IMPACT 

I 

8UTT  NO 

PlAl  1 

',01- 

C.TH.K& 

GAUGE 

CLASS 

CALIBER 

■  rs  j.  y. 

TYPE 

uO  J;’  ii  / 

MAVjf  *  vTJjSEft  ,■ 

CONTRACT 

MANUFACTURER 

;l  .  ■  )«  r  it  .*  t it 

LOT  NO 

CROUP  ti 

.....  .  ^  V;'  ..  _  . .  .  ..  . 

NO 

MARK 

"V 

MOO 

% 

i 

DIMENSIONS*  '* 

*/  - 

PROJECTILE  NO 

YE*“  OF  SPECIFICATION 

IMPACT  DATA 

CAPPED 

n  vcs  qd  »o 

LENGTH 

OBLIQUITY 

PENETRATION 

MICHT 

RElOiT  (Unetpptd) 

:.v:  a. 

THICKNESS  AT  IMPACT 

NO  OF  INTACT  ON  PLATE 

,ult  n  -  -  i.lei 

FILLER 

:  .  .  >  it  ,  —  C  C.:  ■  ^Inn'iCul, 

DISTANCE  FROM  NEAREST  ll*ACT 

TWROUCH  OPENING 

CiXDITICM  AFTER  FIRING 

1  1  trrtctive 

1  1  i*itrrtCTivt 

DISTANCE  FROM 

n  n 

DISTANCE  FROM 

.  .  .  •  1  ;*  l.'Oi.’l'  ,.*  ’ 

flaking  FRONT 

FLAKING  BACK 

•  i.O j,,  Gt«  ,  “ 

SPUR 

ClSH 

CRACK 5 

BUt-i  j 

BUTTON  1 

uJ  THRORN  l  j  STARTED  [ 

VELOCITY  (F.S. ) 


OESIRED 

OBTAINED 

1  1  MUZZLE 

1  *3  STRIKING 

Ej"1  MEAN  i-  J  - 

xeKAWS 


Best  Available  Copy 


I'.  S.  NAVAL  PROVING  CROUNU 
MHIOREN,  VA. 


no.  1  tw.  a  *:•>. 

,  j  . ..  j  ■ , 


CONPIDPT^T  :\l 


im-iiw  »»*•.,  o.c. 


tt,  S.  NAVAL  PROVING  GROUND 
MKLGREH,  VA. 


BUTT  IMPACT  RECORD 


IIEP  (  a  I 


Bomb  Imn.act3  at  High  Velocity 


43493 


DATE  OF  IHTACT 


12-22-55 


BOMB  mXlfiXX. 


250  lb.  3.  F . 


Low  Drag 


MANUFACTURER 


Lukons 


S60 0- 1 5  5  5 - 30  2 9  <2 


96"  x  300" 


IMPACT  DATA 


A.  0.  Smith 


WEIGHT  (Cw4) 


Ccmp. 


WCI04T  (U*cf>ptd) 

240  «00ir 


thickness  at  intact 


DISTANCE  FROM  NEAREST  IfcTACT 


NO  OF  IV*1  ACT  ON  At  ATE 


THHOUO*  OPENING 


DISTANCE  FROM 


10-1/2"  x  12" 


01  STANCE  FROM 

_66!I_  cu,  im. 


Fu“  Hone  -  flat  r,u-E" 

base  plate  in  nose  (Perlite-Cement-Water 

CONDITION  AFTER  FIRING 

f  1  tfftcnvt 


Forward  section  split  open,  base 


5.  J.  B.ISKJU 


TEST  OFFICES 


I 


BUTT  IMPACT  RECORD 

PRNC'NPG-1 ■ ^ 


U.  S.  NAVAL  PROVING  CROUND 
IMHLGREN,  VA. 


HF.K:  (a) 


|Af**LT  MMflf R 

_ U5I/t  - 

TIM  0PJICT 

Dorab  Imn/HrtVfi  nJ,\  High  Velocity 

WE  Of  lUPiCf 

- 1-3«S& - 

f«jTT  f.0 

-0 

L UK E(£  £ Tk  t  L  ;  TOtU  AUY 


liii. 


:i  u  3  c 
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NPG  REPORT  NO.  1449 


DISTRIBUTION 

Bureau  of  Ordnance 

Ad3  1 

ReW-1  2 

ReS-i  1 

ReW-4  1 

Armed  Service  Teahnioal  Information  Agenoy 
Document  Service  Center 
Knott  Building 

Dayton  2,  Ohio  5 

Commanding  General 
Aberdeen  Proving  Grounu 
Aberdeen,  Maryland 

Attni  Technical  Informati-r-  section 

Development  and  Proof  Servioee  2 

Commander,  Operational  Development  Force 
U.  3.  Atlantia  Fleet,  O.  3*  Naval  Base 

Norfolk  11,  Virginia  1 

Naval  Ordnanoe  Teat  Station 

Inyokern,  California  1 

Naval  Air  Development  Center 

Johnaville,  Pennsylvania  1 

Bureau  of  Aeronautioa 

Attni  Armament  3#ction  2 

Commanding  Offioer 
Pioatinny  Arsenal 
Dover,  New  Jersey 

Attn;  Technical  Division  1 

Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey 

Attn;  Technical  Division-Bomb  Unit  1 

Bureau  of  Aeronautics  (AR-46)  2 

CONFIDENTIAL  1 
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NPG  REPORT  NO.  1449 


DISTRIBUTION  (Continued) 

Boeing  Airplane  Company 

Seattle  14,  Washington 

Attn:  Mr.  R.  H.  Nelson 

Via:  AFPR,  Boeing  Airplane  Company 

Seattle,  Washington  1 

Chief  of  Ordnance 
Department  of  the  Army 

Attn:  ORDTU  1 

Douglas  Aircraft  Company 

3000  Ocean  Boulevard 

Santa  Monica,  California 

Attn:  Mr.  R.  W.  Cotter 

Via:  BUAER  Resident  Representative 

Santa  Monica,  California  1 

Director,  Franklin  Institute 

20th  St.  and  Benjamin  Franklin  Parkway 

Philadelphia  3,  Pennsylvania  1 

Local 


OT 

OV 

File 


1 

1 

1 


CONFIDENTIAL 


